The optimization of the reverse micelles extraction of protein from grape seeds was carried out using response surface methodology (RSM). Based on the Plackett-Burman design and steepest ascent, CTAB concentration, pH, NaCl concentration and crude protein concentration were selected as the most extract conditions. Subsequently, the optimum combination of the selected factors was investigated by the Box-Behnken design. The final condition of extraction optimized with RSM was CTAB concentration 39 mmol/L, pH 5.6, NaCl concentration 0.01 mol/L, and crude protein concentration 2.1 mg/mL. The forward extraction yield of 82.3% in triplicate under optimal extraction condition was obtained.
Introduction
The grape is one of the major fruit crops worldwide and its harvest is about 60 million tonnes per year [1] . About 80% of the harvest is utilized for winemaking and the grape waste consists the 20% of the weight of processed grapes. However, winemaking leads to the generation of large quantities of wastes, which considerably increase the chemical oxygen demand (COD) and the biochemical oxygen demand (BOD 5 ) due to a high pollution load (high content of organic substances such as sugars, tannins, polyphenols, polyalcohols, pectins and lipids)
In the last few years, increased attention has been focused on industrial wastes that are rich source of polyphenolic compounds, flavonoids, protein and oil [3] [4] [5] [6] . Grape seeds extract in particular show interesting biological properties, such as antioxidant, anticancer, anti-inflammation, anti-aging and anti-bacterical activities [2] [7]- [12] .
Grape seeds have relatively high content of protein (13% -18%), which can be extracted by conventional procedures such as solvent extraction and isoelectric precipitation [13] [14] [15] . However, this method has some fatal defects: a great deal of wastewater is produced which causes serious environmental pollution and it is also limited capacity of raw material treatment and high consumption of acid and alkali. Moreover, it is easy to cause protein denaturation. Therefore, it is imperative to explore an alternative extraction approach of grape seeds proteins.
The reverse micelles extraction is a novel separation technology with prospect for separating bio-product. Reverse micelles are aggregates of surfactant molecules spontaneously in non-polar solvents. The aggregates of surfactant molecules contain an inner core of water molecules and are dispersed in a continuous organic solvent medium. The bio-molecules can be transferred from the aqueous phase to the polar core of reverse micelles without loss in activity [16] , mainly because of the attractive electrostatic interaction between the inner micelle charge wall and the bio-molecules. Optimization of extraction conditions has been used in enhancing the yield of many proteins [17] However, there is no literature reported to optimize the extraction conditions for grape seeds protein using reverse micelles. Thus, the main aim of the present work was to optimize the conditions for proteins extraction by reversed micelles from grape seeds. The objective of this study was to develop an alternative extraction method of grape seeds protein by reverse micelles, and to investigate the effects of factors (CTAB concentration, extraction time, crude protein concentration, temperature, NaCl concentration, pH, alkyl alcohol than) on the forward extraction efficiency of grape seeds protein. Response surface methodology (RSM) was used to optimize the extraction conditions for enhancing the forward extraction efficiency of grape seeds protein by implementing the Box-Behnken experimental design [22] .
Materials and Methods

Materials
Grape seeds were obtained from Palieri grape cultivar. Ceryl-trimethyl-ammonium bromide (CTAB), sodium chloride were purchased from the 6th Chemical X. F. Zhang et al.
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Sample Preparation
Grape seeds were selected manually and cleaned to remove contaminants. Grape seeds were milled using a small scale hammer mill (FZ-102, Hebei province, China), and the resulting flour was sieved through a 200-mesh screen. Grape seeds power was defatted with n-hexane for 10 h and air-dried at room temperature (about 20˚C) by Soxhlet extraction. The power was kept in polyethylene bags and stored at 4˚C until used.
Extraction of Crude Protein
Defatted grape seeds power was soaked by 0.2 mol/L citric acid-sodium hydrogen phosphate buffer solution at pH 6.0 for 1 h. The solution and residue were isolated by a centrifuge at a rolling speed of 4000 rpm and 4˚C for 10 min. The crude protein was collected.
Reversed Micellar Extraction
The reversed micelles systems were formed by Ceryl-trimethyl-ammonium bromide (CTAB), methenyl trichoride and butyl alcohol. The aqueous solutions were crude protein after centrifugation. Sodium chloride was added to the aqueous solution to adjust the ionic strength. For the forward extraction, equal volumes of the reverse micellar systems (the organic solution) and aqueous solution were mixed in a test tube in a reciprocating shaker bath for various time periods and temperatures. The mixture was then centrifuged at 1500 g for 5 min to separate the two phases. The aqueous phase was then taken for analysis. All the experiments were carried out in duplicate.
Protein Determination [23]
Protein concentration in water phase was determined by UV-Vis spectrophotometer (LabTech UV-2100, Beijing). BSA was used as standard, and the results were expressed as BSA equivalents. The forward-extraction efficiency was calculated as follows.
( )
Forward-extraction efficiency Y% total protein in the supernatant total protein in aqueous solution 100% total protein in the supernatant − = ×
Screening of the Forward Extraction Conditions Using a Plackett-Burman Design
Plackett-Burman design, an efficient technique for forward extraction conditions optimization [24] , was used to pick factors that significantly influenced extraction yield and insignificant ones were eliminated in order to obtain a smaller, more manageable set of factors. The extraction conditions were screened by Plackett-Burman design for seven variables at two levels. The main effect of each X. F. Zhang et al.
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Steepest Ascent
After selecting the most important factor affecting the forward extraction yield in the screening study, the steepest ascent method was used to construct a line through the center of the design [25] , due to the contribution obtained by Plackett-Buman design. Consequently, some experiments were implemented along this line with intervals, and the response at each point was measured. If a maximum value is found, that point could be employed as the center point for the following optimization experimental design.
Optimization of the Forward Extraction Conditions Using a Box-Behnken Design
Once critical factors were identified via screening, a Box-Behnken design for the most important independent variables (CTAB concentration, pH, NaCl concentration, crude protein concentration). Each at three levels with three replicates at the centre points was employed to fit a polynomial model:
where Y i is the predicted response, X i X j are input variables which influence the response variable Y; 0 β is the offset term; i β is the ith linear coefficient; ii β is the iith quadratic coefficient and ij β is the ijth interaction coefficient. Design expert package (version 7.0, Stat-Ease, Inc., Minneapolis, MN, USA) was used for the experimental design and regression analysis of the data obtained.
Results and Discussion
Screening of the Forward Extraction Conditions Using a Plackett-Burman Design
Based on the earlier studies, a total of seven variable conditions were analyzed for their effect on forward extraction using a Plackett-Burman design. The variables chosen for the present study were CTAB concentration, pH, extraction temperature, alkyl alcohol than, extraction time, NaCl concentration and crude protein concentration. All the variables were denoted as numerical factors and investigated at two widely spaced intervals designated as −1 (low level) and +1
(high level). The yield of forward-extraction, determined for each experimental design was shown in Table 1 . The analysis of variance (ANOVA) for the experimental designs was calculated, and the significant levels of each extraction condition were determined by p-value (Table 2 ). The analysis showed that CTAB concentration (X 1 ), pH (X 2 ), NaCl concentration (X 6 ), crude protein concentration (X 7 ) had p-value below the significance level (0.05). Therefore, they were estimated to be significant ( Table 2 ). The final equation is as follows: It can be seen from Equation (2) that all the significant factors, except pH (X 2 ), NaCl concentration (X 6 ) had a positive sign. Therefore, increasing their value would result in an increase in the level of forward-extraction efficiency.
Further statistical analysis revealed that the difference between the means of the center point and factorial trials in this design was significant (P < 0.05). This indicated that the optimum levels for forward-extraction efficiency would be X. F. Zhang et al.
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Steepest Ascent
The steepest ascent method was used to construct a line through the center of the design, due to the contribution obtained by Plackett-Burman first-order equation. Consequently, some experiments were implemented along this line with defined intervals, and the response at each point was measured. If a maximum value is found, that point could be employed as the center point for the following optimization experimental design. These results are summarized in Table 3 .
Further Optimization of the Extraction Conditions Using a
Box-Behnken Design
Statistical Analysis and Model Fitting
Experiments were carried out in duplicates to arrive at an optimum combination of the four conditions above using Box-Behnken design. Based on the results of steepest ascent experiments, 
1) Analysis of variance (ANOVA) for the extraction yield of grape seeds protein
The analysis of variance (ANOVA) was conducted to test the significance of the fit of the second-order polynomial equation for the experimental data as shown in Table 5 . The Model F-value of 10.37 implies the model is significant. There is only a 0.01% chance that a "Model F-value" could occur due to noise.
The P-values are used as a tool to check significance of each variable, which also indicate the interaction strength between each independent variable. The smaller P-values, the bigger the significance of the corresponding variable. P-values in 
Analysis of Response Surface
Response surface plots are shown in Figure 1 , which depict the interactions between two variables by keeping the other variables at their zero levels for forward extraction yield. The effect of CTAB concentration and pH on the yield of extracted grape seeds protein is shown in Figure 1 (a). Figure 1 (b) represents the interaction between CTAB and NaCl concentration. Lower and higher levels of both CTAB and NaCl concentration did not result in higher forward extraction yields. The shape of the response surface curves showed a moderate interaction between these tested variables. Figure 1 (c) depicts the interaction of CTAB concentration and crude protein concentration where the shape of the response surface indicated no positive interaction between these two factors. Figure 1(d) shows the effects of pH and concentration of NaCl on the forward extraction yield of grape seeds protein. This result showed that pH changes were more effective than NaCl concentration changes for yield extraction.
The graph shown in Figure 1 (e) & Figure 1 (f) indicates that pH, NaCl concentration and crude protein concentration had a quadratic effect on protein extraction. 
Optimum Conditions and Model Verification
In order to optimize processing conditions of grape seeds protein extraction , the first partial derivatives of the regression model were equated to zero according to A, B, C and D. From the model, optimum conditions for grape seeds protein extraction were prepared as follows: CTAB concentration 38.84 mmol/L, NaCl concentration 0.01 mol/L, crude protein concentration 2.12 mg/mL. The pH of the aqueous phase was 5.58. Under such conditions, the yield of forward extraction process was predicted to be 83.06%.
To ensure the predicted result was not biased toward the practical value, experiment rechecking was performed by using these modified optimal conditions: X. F. Zhang et al.
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OALib Journal CTAB concentration 39 mmol/L, NaCl concentration 0.01 mol/L, crude protein concentration 2.1 mg/mL. The pH of the aqueous phase was 5.6. A mean value of 82.3% (N = 3) was obtained from real experiment. The results of analysis confirmed that the response model was adequate for reflecting the expected optimization, and the model of Equation (3) was satisfactory and accurate.
Conclusion
The data presented in this article demonstrate the feasibility of the forward extraction of protein from grape seeds by reverse micelles. Based on the PlackettBurman design and steepest ascent, response surface methodology (RSM) was used to estimate and optimize the experimental variables: CTAB concen-tration, pH, NaCl concentration and crude protein concentration. The optimal forward extraction conditions for grape seeds protein by reverse micelles were determined as follows: CTAB concentration 39 mmol/L, NaCl concentration 0.01 mol/L, crude protein concentration 2.1 mg/mL; the pH of the aqueous phase was 5.6. Under these conditions, the forward extraction yield of grape seeds protein was 82.3%, which was closed with the predicted yield value. The data presented in this article demonstrate the feasibility of the forward extraction of protein from grape seeds by reverse micelles. Reverse micelles extraction was an efficient method compared to conventional solvent extraction. These results demonstrated the successful extraction of protein with Reverse micelles extraction, providing potential benefits for industrial extraction of protein from grape seeds.
